Many of the major rivers in India originate from the Himalayas. These rivers have significant contribution from snow and ice which makes these rivers perennial. Due to steep slopes, all such streams have potential sites for hydropower generation. There is a requirement of estimation of the contribution from snow and glacier melt, rainfall contribution and sub surface contribution in the total runoff for sustainable supply of water to the hydropower plants. Considering this aspects, in this study a snowmelt runoff simulation model SNOWMOD suitable for Himalayan basins developed earlier has been modified and applied for simulation of flows. Input to the model such as glacier cover, permanent snow cover, seasonal snow cover generated through remote sensing techniques were used in conjunction with daily maximum and minimum temperature, rainfall and discharge. Two hydropower dam sites on major tributaries (Bhagirathi and DhauliGanga) of River Ganga have been selected for determination of different runoff components. However, though the data available was for a very limited period but the results indicate that these tributaries have significant contribution from snow and ice for long term sustainability of flows to these schemes.
Introduction
The Himalayan Mountain, system is the source of one of the world's largest supplies of fresh water. All the major south Asian rivers originate in the Himalayan and their upper catchments are covered with snow and glaciers. The Indus, the Ganga and the Brahmaputra river systems originating from the Himalayan region receive substantial amount of precipitation in the form of snow and glaciers. The perennial nature of Himalayan Rivers and appropriate topographic setting of the region provide a substantial exploitable hydropower in this area. In the Himalayan range there are more than > 10,000 glaciers [1] and feed a number of Himalayan rivers. This ice exposed surface of the glacier increases with time resulting in higher quantum of runoff. As the melt season advances, the melt water contribution from the glaciers increases. By the end of melt season, the melt runoff is reduced due to increases in air temperature and fresh snowfall on the higher reaches. Evidently, runoff generated from the glaciers in the Himalayan basins has a significant influence on the streamflow of the river. The melt rate of the glacier is deter-mined by the prevailing climatic conditions and, therefore, varies from year to year. The physical changes in the glacier, like trend of exposition of glacier surface, influence the melting and runoff pattern of the glacier. Further, contribution of snow and ice melt to the total increase with altitude, but variation in the different components of runoff with season has not been quantified for any Himalayan rivers.
In glaciated areas, much of the precipitation falls in solid form of throughout the year, so that it contributes to mass storage rather than directly to runoff. For example in the Alps, a minimum variation in annual runoff was observed from the river basin with 30-40% glacier cover [2] . The contribution of snow and glacier-melt runoff to Himalayan Rivers is significant and an estimation of the amount is necessary for the development, planning, and management of water resources. Singh et al. [3] estimated the average contribution of snow and glacier-melt runoff in the annual streamflow of the Chenab River at Akhnoor using a water balance approach for a period of 10 years (October 1982-September 1992). The average snow and glacier runoff contribution to the annual flow of the Chenab River at Akhnoor is estimated to be about 49 percent. Further Singh and Jain [4] have used this approach to estimate snow and glacier contribution in the Satluj River at Bhakra. It was found that average contribution of snow and glacier runoff in the annual flow of Satluj River at Bhakra is about 59%. Kumar et al. [5] have estimated the average contribution of snow-and glaciermelt runoff in the annual flow of the Beas River at Pandoh Dam using 15 years of flow data (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) . The results of the analysis show that the snow-and glaciermelt runoff contributes about 35% to the annual flow of the Beas River at Pandoh Dam.
Streamflow in the Himalayan Rivers is generated from rainfall, snow and ice. The distribution of runoff produced from these sources is such that the streamflow may be observed in these rivers throughout the year, i.e. they are perennial in nature. Snow and glacier melt runoff contributes substantially to the annual flows in these rivers and its estimation is required for the planning, development and management of the water resources of this region. Keeping in view the importance of melt contributions to the total streamflow in the Himalayan Rivers, a study has been carried out on two major rivers of the great Ganga river system. Simulation on a daily scale of the melt runoff for the melt season was done using the snowmelt model SNOWMOD. The model, designated primarily for mountainous basins, conceptualizes the basin as a number of elevation zones depending upon topographic relief. The basic inputs to the model are temperature, precipitation and snow-covered area. The snowmelt is computed using the degree-day approach and rain induced melting is also considered. The degree day provides a reasonably good estimate of snowmelt as compared with detailed evaluation of the various com-ponents in the energy balance approach [6, 7] . An early application of a degree-day approach was made by Finsterwalder & Schunk (1987) in the Alps and since then this approach has been used widely all over the world for the estimation of snowmelt [8] [9] [10] .
Materials and Methods Study Area
The proglacial melt-water stream emerging from the snout of the Gangotri Glacier at an elevation of 4000 m is known as river Bhagirathi.
The Project site is near Loharinag-Pala, upstream of Uttarkashi. It is about 200 km from the nearest railhead at Rishikesh. The catchment of river Bhagirathi extends from latitude 30° 30' N to 31° 30' N and longitude 78° 30' E to 79° 30' E . It is completely mountainous, part of which is covered by snow. The catchment of river Bhagi- 
Data Availability
No direct records of streamflow are available at Loharagpala site. The transposed data of streamflow have been generated at the Loharinag pala site utilizing the available streamflow data at Maneri site. The rainfall data of Jhala and Bhojwasa has been used for the analyis. Temperature data of Mukhim station and Bhojwasa near Gangotri glacier is used in this study. The daily snow cover over of the Bhagirathi basin upto Loharinag pala have been estimated from IRS derived LISS-III data during the year 2004. The Survey of India topographic sheet no. 53 I (12,15,16), 53 J (9,13), 53 M (3, 4, 8) , 53 N (1,2,5,6) on 1:50,000 scales are used to delineate the catchment boundary. Contours, snow covered and snow free area, drainage, glacier, and stream networks and the benchmarks are digitized using GIS software ILWIS 3.3 and IMAGINE ERDAS 8.6. LANDSAT images were downloaded for the georeferencing of the study area.
For the analysis of the Tapovan site the transposed data of streamflow have been generated at the Tapovan site utilizing the available streamflow data at Joshimath site. The temperature data of Joshimath has been used for the analysis. The daily snow cover over of the Dhauliganga basin upto Tapovan-Vishnugad has been estimated from IRS derived LISS-III and AWiFs data during the year 2005.
Preparation of Digital Elevation Model(DEM)
Digital Elevation Model (DEM) of the catchment area of Bhagirathi River and River Dhauli Ganga is developed using DEM from SRTM, GLOBE DEM in IMAGINE ERDAS 8.6 (Figures 3 and 4) . The DEM of the study area is quite helpful in defining the catchments boundary, identifying the stream network, estimating the average slope etc. The satellite remote sensing data provide a synoptic view of the catchments area and can provide the details about the physiographic features present in the catchments area. In the present study, IRS-LISS III data were used for determining the snow covered area of the catchments.
Mapping of Glacier Cover
The study region falls in the Higher or Greater Himalayas and constitutes of crystalline throughout. Topographic maps at scale 1:25000 and 1:50,000 scales have been used for georeferencing of remote sensing images. The glacier cover boundary and area were also estimated. The percentage wise elevation zones with respect to catchment area for Bhagirathi and DhauliGanga basin is given in Figures 5 and 6 respectively and the zone wise Glaciated area is given in Tables 1 and 2 (such evaluation data should be given in the results section, here just tell the readers how do you get the percentage wise elevation zones).
Determination of snow cover area:
The snow cover area is determined using IRS LISS III satellite images. The daily snow cover area values are extrapolated from the depletion curves prepared from the available data. 
Simulation of Flows
The conceptual snow melt model SNOWMOD is used for the simulation of flows. The description of model is given in Singh and Jain [11] Model variables are to be derived from actual observations of temperature, precipitation and snow covered area. Table 3 for the four years. Most of the high peaks observed in the daily flow hydrographs are generly during the months of July and August attributed to the glacier melt. Thus these months are considered as the peak melting season in the western Himalayan region. However, sometimes the flow resulting due to high ineity rainfall also reflects the peaks in the daily flow hyroaphs. The simulation of baseflow indicates that the baseflow contribution to the streamflow increases as the season advances, being at maximum during the peak season and then starts decreasing.
Results

Modeling of Streamflow of Bhagirathi
The model has been applied to simulate the daily flow hydrographs considering the records of four ablation seasons together. It has been found that the overall efiiency of the model for the study period of four years is about 0.86% and overall percentage difference in volume of simulated and observed flows (D v ) is about -15.19%. It is also observed that the model is capable of simulating the daily flows very well except few peaks. It may be attributed to some factors which have not been consiered in the model. Thus it requires further investigations to understand the reason and suitably modify the structure of the model to cater such an event.
Modelling of Streamflow of DhauliGanga River
The flow data for the year 1983 has been considered for calibrating the model whereas the year 1984, and 1987 have been considered for validating the model for simulating the daily flows. The efficiency of the model has computed by the model are summarized in Table 4 all the years. Most of the high peaks observed in the daily flow hydro graphs are generally during the months of July and August attributed to the glacier melt. Thus these onths are considered as the peak melting season in the western Himalayan region. However, sometimes the flow resulting due to high intensity rainfall also reflects the peaks in the daily flow hydrographs. The simulation of base flow indicates that the baseflow contribution to the streamflow increases as the season advances, being m
